Identification of rate-limiting steps in cephalosporin C biosynthesis in Cephalosporium acremonium: a theoretical analysis.
A kinetic model describing the biosynthesis of cephalosporin C in Cephalosporium acremonium has been developed to identify the rate-limiting step(s). Using this model and in-vitro kinetic data of the biosynthetic enzymes, the production kinetics of cephalosporin C were examined theoretically. The predicted time profile of the specific production rate during batch culture is in good agreement with that of experimental results published previously. Sensitivity analysis indicates that delta-(L-alpha-aminoadipyl)-L-cysteinyl-D-valine (ACV) synthetase is the rate-limiting enzyme. Our analysis also predicts that increasing ACV synthetase enhances the production rate initially until expandase/hydroxylase becomes rate-limiting. Furthermore, increasing expandase/hydroxylase reduces the accumulation of penicillin N, and thus, enhances the production of cephalosporin C. Based on our analysis, amplifying both ACV synthetase and expandase/hydroxylase concurrently should enhance the production rate to a great extent.